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ABSTRACT . 

Tbi tddogtni rpu of kraut paplUrasYtnutf (tDPv) u cervical ad 
other mm iflfg«t» disc tbertpcido vifidnei directed aanliiit reqnlilli 
viral tidgefta cradteait tinners or Tbdr prccannrs, a VtaezuliB 
eailoe <nc«phelhij (VEE) ajpaevtos vector deirnjrini fbt HPV16 E7 
RNA was lYilatted for indianwr efflw? oriai & mrlki et* tumor 
modd. v*xfat«th» with VEE revUcon parades cxpfessing 17 (ET-VHF) 
ludtud dm taitrkud CDS* T-tell ruaonsei as dtttrttlaed by iFN-y 
auTBo^skid tmbmuoipot (ELTSPOT), tea-miner, aid eytetaxictty u- 
seyt. fc7-VHF ncdattloo prerenttd tumor dcrHopmezir ai tg of no uke 
«Ad ftftettrtly tUmiu^od 7-day wtaUbliBd toman !■ «7% of qroor- 
beartift mfc* Tfc* indvctla iXprotKttr* T-edl raqxuue* ni dmndnt 
on CW", bin not CD4* T crib. Leat-Uithtf T-C4U mprj rtipffUtt 
dowfckped 1b E7-VWP-vtC«ilJltod mkt u dttirmnud by ample* prvtftC- 
do* from tMmtr cbilkip 3 -iimttv irtfr tfto ftlU ticdnitlOA. Tbt* 
promUiii nralta fa^hUfU tt* potent CW* T-ciJ-warJaitd iMtmnor 
■flsdi mVdlBd by VIE ttpftafrtajad vattflft ui4 rapport their htrtaer 
dwalopntet toward eUnleil te«m C g SB jnt ccrrkaJ mtncptthilli] n«h 
pbib or cwdnoma. 



INTRODUCTION 

Approtonnady 15% human cancers worldwide are associated 
withvixuse*. the majority or* which are anributed to Hpv 4 (1), HFV 
mftction find penlsttnce confer risks of developing cervical carci- 
noma & 3), t** mojK problem 

dtteetaWe in >99W of cervical carcinomas (4) and to varying dtgrccs 
in ofter cancers, collectively implicating HFV u> the ososatiw agent 
in ~10W of female cancers (]), The onco^pniq potential cfifce "high 
W HPVgcqo^pcj 16, Up and others 13 attributed hi part (0 their £tf 
W £7 genes, which possess ttaitfontiiflg and innnortallring acrivi- 
ties in vitro (5, 6), SuiDined E6 sod E7 expreulon it requrred for 
mmn pcnwi M ^ of the maKgnwit phenotype (7, 8> and ii evident in 
cervical fiartinomM and their CIS precursors (9, 10), Thew observa- 
tion! suggest that B6 and £7 maty bo appropriate bngebj for eradicat- 
ing HPV-ofiaociHtod tumoTfl or ttelr p/ecutftori by therapeutic vaeoi- 
nation. 

Cdl^moditted immime reaponra m foportam dctumioantt of 
fUPV^aiJociated difleaM outcome (II). Protective CTX rotponsea 
ogalnn a MHC clans I* mtrleted E7 epitope hm been dcmoDstnted 
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in B7* murine tomor models (12, 13). HPV16 B6- and &7-derived 
peptides capabto of binding dpedflo hunui lculcooyte antigen (HLA) 
dan I lUftles have been Idemifad and hava ttcteaaftl^ primed CTL 
rcspoDKB h HLA-A2J traniganic mice and Ut vitro fiom nonrifll 
hufflnn donors (J4), Memory CTL responses a^inst some flf ittrir 
HLA-restricttd peptide* 60m B6 and E7 are delectable in eorao 
pailfiffli with ON and cervical carcinoma but not in normal rtibjeeta 
(14). HLA-A2, 1 -restricted E7 peptidei (15) and exprediing 
recoinhiaant vacchkia vuocea (16) hive been evaluated in Phue I 
faial* witb end shigc oervjoaj cancer patients and have revealed CTL 
tesponsti in some cases buipoor diniea! respe^aes (14). An encour- 
aging recent HPV16 £7 peptide trial in high-grade CTN patients has 
icvcakd both increases in CTL activity and tedon regreigiofJ m many 
of the vacofoccv (17). Wharoaj vaccke ixnerveotioa at earlier stages of 
disease may be one aspect of impioving olmical efficacy, more 
powerful strategic! ' for inducing memory CTU. preferably against a 
broider amy ofHPV epitopes, will be choral for priming or boo&ting 
antammor reapontotf 

Several HFV vaccine candldatu nave been tested againat nrorroc 
Cumon constimtively expreanng HPV1« E6 and £7 genes (13). The 
EftOfft practical and efficacious tacoJjk approach^ tested instate pep- 
tides (12. 13), reeoffibinftoj fb(ion proteins (19), chimcdo vinu-like 
panklcs (20), vinJ Tcctm (21), and plasmid UNA (22, 23). X^mila- 
tteni enrtentry grist with aaveral vectored epnToidm mch « TO- rmii 
vin» and plassrid DNA because of preexisnug jbstmunrry oc vaccmc 
tain in hnmatis, wbereai peptide Tacrine* are limited to predeter- 
mined target HLA allalea. Although several Candidates have not yet 
been rested clinfeajfyy mora efiecuve strategic* ihould continoc to bo 
investigated In pmdinical modds, One viral vector under consider- 
ation is derived &om VfiB virus. VEE and officr enveloped, positive- 
slnnded RNA AVa like Sindba and SFV have been engineered as 
TcpUcadon-incoiiuiewm viral-deliveTy vectors or replicofls 04). Rep- 
licaq Tccron are generated by removing the strbenzra] geoes of the 
virus and n^lvcing tham with a foreign gene; they contain AV 
rcplieasc gencj, which mediaiB RNA repUcadon and hi^i-ieve| pre- 
tem expression but product 00 progeny virtu. The replicoo^nnbi- 
nant RNA encoding the ibitign gene of imereat in lieu of the VEH 
sirucmnl genes can be packaged into VRPs on provision of the 
etpuoturil RNAs in trans (25). VRPs encoding several viral genes 
have been show? to bo Immunogenic and protective in murine, guine* 
pig. and primate snodds (25-29), 

AYs id general, and VEE in particular, are attractive yaocine 
vectors for several reasons: (a) there no widespread preexkung 
»nti-VBB imrnunuy m hwnana; (0) repeated immuiu>ation appear? to 
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civ* for inducing immnne responQoo (31); and (e) (he envelope g|y- 
ooprotalna of VEE, m corttrasl to those of other AVa. confer dendridc 
edl tropiim (32). These feaiures, as well as the cytoplasmic crani crip. 
tLonof VEE RNA and the unlikelihood of RNA integration U£ gesi 
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VRps may bt very promiiin^ HPV tbccIbb vectors. In to present 
study, the antitumor efficacy of VRP rafton wuKfttdii*rt^thft£7 
ger* from HPVIfi, the most prcvmJcot hiftb-ruk genotype. The fan- 
monogenic, tamorvprottCfive, and therapeutic paten tiel of HP VI 6 
E7-expressing VJU* waa evaluated In the E7* a hwr modcL 



MATERIALS AMD METHODS 

Miee tfed Cell Una. SpedJk^athogE&.fin a-l^wcck-old fcraale 
C57B1/6 mice wot obtained Iran Taconio Famu (Gonnintcwn, NY], Miea 
*w homed 1b die animal f&dlltlu of Loyola Unlveriiiy Chicago md Wyctb- 
Loderle Vaccines undir filtertop ccndWow wi4 water tad ftod a/ flfirfMi. 
CD*, GDI, end IFH^knocfcutmico (X**»e Laborttriet, Bk Harbor, M£) 
wen honed fa « ^ffi»p*fto4*a-ltee baricr rkflir/ voder ittrile cocdi- 
dom tostfttfooaJ entmai*se gridefioes were followed fbr ill ecpnimeoa. 

M ]b were used for VEE RNA caprenlon, VRP pactnghg, and 
deration, MC570 and £Lr4 colli were oral for eytotoxiciry uu^, All erf 
Knot w*m Obtained fithd ATCC (Manaaaai, VA)l 

PtvpantfoaofYHP*. Tb* HFVlfi £7^finc (pHPV-16 (ml 45 113, ATCC) 
and ** OFP fiene (Ctatodu Faki Aitn, CA) woe eubcloned Into tbt VBB 
te|41c«B plata^ pviwoo <* p»j«^^ 

PVteOO \m derived finm eDNA of a highly tmenuxcrj, onaneurobxpfe 
nutsni (V9QI4) of 0» Trinidad Donkey stmio of VfiB (33). The VR2Q0 
momNAttt platmida and die two other plumSdi communs € "har tin VBg 
eapJid or glycoprotein itroctenl genca wen fmBratd by Afofl dl genion. 
Gapped RNA banicriptf wot jynthcan^niif^T7HNApgJynmM« (mMej- 
tago Transcription kat, Ambun, Aujtin, TX> VRPa wen packaged by dec- 
tnpontion of KpbcoD and be^cr RNAs into BHK-21 colli by de split hdper 
raefcod (25), VRPf were concentrated from Anrtrnalanto by ccndifhgittoii 
fhim^b a 20H fticron ewbin prepared in PBS. topIic^oit-«cnipeieai viius 
w» oof defeetable as deteonaied by an Jn/ectixju* center eatey cootfocTOd on 
DHK-21 colli, TrtTMiOn ofVRPa wna Dafonctf by aerial [ft-fbld dilwioiil on 
BHK-21 moMbyM m whkh die number of XT-qt GFP^pratftt«{of «e||s wis 
docennuied by itainmg with *a and-B7 monocionii amfbody (Zymri. Sin 
finncnen, CA) or by direct vlfmlfftaxiQii gf fluwwil»| ffeen oeJlr, ropeo- 
Kivc^ ud dtoi woe expreued aa InfteUotii unis per ml. A d«t of 3 x io 3 
mfectiuui mdn per mmua of E7-VRPI OfGFP-VRft wil wed Ibrall of die 
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Woattni Blot and ImtDtasotioorceseue sbfafai^ B7-apedflc piotdji 
cxpratiloB w« assesfcd by Western bkx gf BHK-21 cell lyutoj nfler oleo- 
tiopOfition of E7- or GFP-VE£ rephoon RNA and Ae two bolpcr RNA* 
Thirv b »fcr dcctrupotaoiitt, cqU» won Vyiod wUi SDS sample buffi? 
(Bio-R^ Hsmulc* CAX A Hfc-aejed B7 recombbimt pratcb produced in 
Ac*crfo*to co# unng die pET-SOa expnuion syatcm (Novonm, Madiaoo, 
y^*** Hied as a pojldYf OCVfoL Tto clect^OpliOroved pfMcins were trma* 
itmJ to polyvinyMdene diflBoride membmtJ (Isvitioga^ CarUbtd, CA), aid 
d* bfcti were pracefificd wiih the W«t*rn Brttze detBctioo lyrtem aMvim^ 
Ben, Culibod, CAX Tp detf R B7 pmtin, n primary uiti-HPVlft B7 moiio- 
dorwl utibo4y was wed (Zymod I^bofixorics, Su FeubUdo, CA) followed 
by aa antimonje aUc&Hm phoqhamve-iBbeled secondary anttbody. 

Cftttmtel* Atttyt, C^7BU6 mice were imaimbftd ^ wira ; x io* 
loibotlotM mits of either HPVld or GFP-V^ft. Cytotoriciiy imyi 

wero peffonued 2 weeJa afto-a nn^k immufdn4on or 3 nunihg after the latt 
of J mofiftly vflcdnatiwtt. 51ngle<cU splenocyie jusptnaioni weteiBrtbim- 
tuod (20:1) with mtomyd^in^ied MC570 eellt kfected with recombinant 
MVA vecton aooding E7 or GFP [E7-MVA or OFP-MVA) at a MOT of I 
CTL activity wu meajuied J day* later. E7- or GPP- MVA-toftOed MC570 
cells and HPVW B7^ F«r^-WWkted peptide (RAHYNIVTF; Ref> 12> 
puked EL4 ccJbi(ATCC) served*! ttpi*, MC570 oolte werolAftoted (or I b 
with eidur B7- or OFP-aaprefisiag MVA at a MOI of 3. calk (1 X ID 7 ) 
were InoUbattd wish peptide (20 wAnl) ArlkTaisMcellf wore then iabelod 
3 b aitEr with EwDpfun (Eu*'; Sigma Chemical Co., SL Loojff, MO) by 
eucuoponiioa Bfftctor and tai^Kcellj were Intubated at tbe iad^aifd Md« 
fitf ? h r «fter wfaich ffupemszaoa wera harn«tod and mbted with Eahaneor 
•^wioo (WaUw, Turku, PmiaedX Bn +J rolOMO Wu qoBititated by tfmo- 
ICfiolvcd flwwonoe using ■ 1234 Ddfla fhioromeier (wanac>. Tte percent. 

0$0 of ^peaiic lyilr was calculated &K 
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Tto pcnxaaijc BpomanMiu rcleaia Tanged from S to 10M. 

lalramar n^abaxna> HOT/ tetnram labeled with PB and oontafab^g the 
HfVlf l?74»_t9 peptide woe obtained fitm the Natioaal loBtitntn of AUsigy 
And Inftotioyi DbeMtiTttrtnUr Facility (Atlanta Oa). Cm* T oellj woe 
iiolated ftna^eaplns urine MACS cdl nxdng (Miltcnyi BImbcX Aubvn, 
CA) before teftsna fttemug. One mfllun CDS* -enriched iplcnneytei were 
inaibflted ftr 1 b with 20^1 of 1:100 dUutcd tttmner and l:ioo United 
ftWKM^aim^fThafMln^ BSACefli 
wen wiubed rwic# in PBS 0JS/BSA, end cbe p*x*v*& of tMran>er*/CD8* 
T eciiB wia datazmlned by ftoorvcence-9tfYttad oefJ toning aaaryiii. 

EU&TOTAauy, An ELTSPOT amy w« used to dtttCL pfpdde-epccifiv 
T cdlfi after itinmlidoo with the fywhotfc HPV|6 E7^ 7 peptide, MqIdV 
acrecn HA plalna (MiUipcfn, Bedfotdt, MA) were coned wift $ utal fctav 
iPN-y andborfr (PhwMlnj«v Sin Diego, CA) at 4 fl C oveni^t. platci wen 
washed with VBSfQ3% Twaoe 20 and blookad with CUtnae ftodiam. ^pleao- 
cytciwereaddedatl X Kr 1 and 2X1^ colli p^weQin cootakmx 
tolnft^oniftfaartB^ 

ood at 37»C and 5H OOa, were wajhed with PHS-Twwn and (rtcubated 
tv2b al nan t«iniaiffljawSn)2J |^ 

AAbt wadmig wjifa PBS-Twten, IJ2S ^np[ Avidj/V-Allaloa pto^pbaUse 
(fli^rna Cncmleal Co ) were added to too walk in 30 jd of PBS ud 
incubated for 1 h *t iwb timpertrgre, The devtlopdicin of Iho inay waa 
pcrfocined utag SO ill Of*alM"no>phOe^hiai4 Sttbunte WntanO*4-chlttro-3- 
mdolyh>hniphBte/nitiD bhia tetmzoiiiun (Pnoiija, MK&sorw WTJIbf 15 bin. 
Tbe reaction wai unpped by the addition Of tap wafer and (he phtea wore 
allnwcd to dry beta eovmiqg die individual spots with I diseotmg (cope. 

fmmtnte j tte n aid Tumor Challenge. Ortrupt of dgbt CS7BL/6 
inloa won vaccinated with 3 X iCiaiectwuiiBdB E7- VRP or GPP- VHP a>e. 
in the left flank* and 0 bnocter dose b (ho lam* amouat waa Brran 2 weeks 
laict. Two weaka »aW fee booster doso. mw^^chillen^i^ in tt» right 
f^witb5X l^asjrnorceD&(12)io 100 of PBS. Tumor growth waa 
nwnitored twtoe i Wock and quuM^aUd wiin a V Iina^eadcd ci£pcr in dace 
dnnenBomv Per tnenpemie esrparimODti, mice first tnealvod a l<0. injeetian at 
5 X 10 s C3 CBlll La 100 yl Of PBS hi A» tifr ftmk. At day 7, aA o/ the mine 
In die itefapy fixperimem« had dOVOlOpOd t palpable Coxnox and leeeived 
3 X IO 5 nfeeojoiu tmbs VRp «.«, U 100 jd of PftS id ibe left flank. The VHP 
an^niiinitai »wpOWd at 7 and (4 dayi ate tbe first ngectten. Tnmor 
taa in the mtco were Remded tirr«awetLNo vtoine-wUtedtDikitica 
wera noted in any of the VRP^y^ccinwd nice. 



RESULTS 

CooilrncttoB of RceonblBiBt E7 VEE RopUoou, A racmb> 
imnt HPV16 &7 VEE replieon vecur wu ooivtracM, nnd in vUre 
RNA traiucriptj wcje fTnthcriaed, dccin^onrtod into BHK-21 edU, 
and nieecfied for E7 protein tttprasion in totnJ c«U ryantra by Wcotan 
blw. Fin, U rcvceJi thn expected Ml-kagth E7 phosp^rotdn (W r 
-20,000) after probing with an ann-E7 TDOnoclraial nnnbo4y, Thfi 
recombinant E7-VBB RNA was pwlagld Utifl£ the ^>G>heJp<r 
method (25) by ooelcctroporatnig synthetic RNA encoding the VEE 
Captfd end grycqnotdBt Ro|>lii»TioiH»cfwdYC B7-VRPa were as- 
sessed for Iflfetiiviy. E7 apronon waa evidezn in tbe cyupliim And 
muleuo after irniminofluore^ccQcc Aiming wilh An wAi-JH mon> 
Olm&l antibody (Fig. IB) at a Tabbit polygonal anll-E? pepdde 
anrjscri (not shown), 

CdtoUr Imranne RupoBlof ZAdHoad by B7tVRP. To character- 
m ^ intmuno rasponses induced by E7-VRP vaccinations, C57BL/6 
mice were vaccinated Mi with 3 x JO 5 infecdom urita of E7-VRP or 
GFP-VRP. SpJenocytos from vacolnated mice were cvalusted fbr 
GD8 gIub I-TC9trieted ceDular iwimitrtf refpOTwei by three asfaya. 
An BLISPOT ucay denoriscrated opcolfio TPN-y release 
tion of splcnocyrei wifli an H-2D k binding E7^^ peptide RA- 
HVNTVTF (12), but not * control adenovtnu 5 El A H-2D b peptide 
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SCTSNWPEI (34; Fig. ET^isclfle responses 

wen lint observed 

a miee veccbiaJed with CFP-VRP or in naive mica. The binding of 
E7-*pecifIe T cells to E7 l ^ hm jj/lU2C^ letrnmer eemplexef waj exam- 
ined by fluoraccnce-aetivaiea cell saner anaiytte (Fig. 25}, Double 
attains of iplenoeyrefi from E7-YRP- or GFP-VRP-Yacdnattd mice 
whfa anti-CDS antibody ftnd B7 4 ^WH-2D b te*ramerf revealed «- 
ogeitfoD of £7 peptide by CM + T cells, only after E7-VRP **cci- 
nation. ApprranHtely 6% of the CDS population in the spleen wis 
directed gainst mo B7^ M , peptide after vaccination with E7-VRP. 
Specific Cll-incdiitod tilling of E7+ tercet colli was also tested 
ftwn VRP-vicciiwted mice. E7-VRP vaccination induced lytic activ- 
ity against. both R7^ r pulied EL*4 cells and B7-MVA-inftcted 
MC57G cells 2 weeks after a niggle Iwhnmi^ (p; & 2 Q r In 
separate experiments, spleuocytec from GF^VRF-vacdnatod 
incubated to rtfro with £7-MVA4nfecicd riraulstor call* did not have 
detectable E7-«p*clfIe kffl a&irw B7 + target cells even after three 
kMmmiztfaons (16 199* and 9 versus 12% specific kill on B7 
peptide pidiedtfA£Ripi]twdB£r4 targets at 30:1 and 25:1 E;T ratios, 
respectively). 

E7 VRP Vaccination ft*c*ci| against Tumor Outgrowth 

mice (n ^ 8/gruup) were vaccinated slc. twice with 3 X JO 
infectious writs of E7-VRP or GFP-VRP, and then changed with 
5 X I0 5 HPVld B7* C3 tumor colls (12). Complete mutecrtm wai 
objcrved in fl7-VRP-vacdn*led mice, whereas control ©FP-VRP* 
vaccinated and naive mice all developed progressively growing tu< 
mon (Fig. 1A), Although all of the mice developed tumors after 
GFP-YRP vaccination, the individual tumors wen couutatfly 
trailer than in the naive mice (Fig. Ify Tumoi^free nice were 
foCoweJmp until 8 months offer tumor challenge, during which nine, 
all of the B7-VR?-vaeeLo&ied mice remained tumor free (dam not 
ihown). Complex protection was a reproducible finding because two 
repeat experiments using another E7-VRP preparation gave compa- 
rable reaulfe (<jafc, not lhown). 

Hole of T-Cell Sutaeti in Induction of the Imjnnna Seipoiue. 
The previous data shew dear evidence far the foductfan of E7- 
tpeeffic CD8+ T cell* after the vaccination of mice with B7-VRP. To 
ie« the involvement of CD4 r T eclb in the induction of an antitumor 
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hmmwe Ttiponsc, CD4 and CD& knockout and wild-type C57BU6 
mice were vaccinated with E7-VRP. Mice were inmnmlzod and given 
booster doses with B7-YR? and challenged with C3 tumor ceOa as 
deierieed m Fig. 3, The vaccinated CS7HTV6* mice and the CD4 
taiock^ mia wan fuUy pron^ 

ctllBp Mrhcra* 100% of both mivaccmafed mice «4d CDS koockoot 
mice developed CtOfireMrvely growing rumon (PJg, 4). Ibfc Sneteahs 
thnt CDS T cells wen requiiwj, but that CD4 ceili were not esemJal 
tbr the induction of a protective immune response by B7-VR? In this 
model 

Vaccination Induced IFN-y Suppremi C3 Tnnor Growtli, 

Although iOQH of mice o^viioped tumors after wcie&rjon with 
GFF-VRP, meir mmor ii» was mgnifieMiriy stnaner Than fai naxrc 
nuco challenged witb the came tunnr dosa^ (F1& 3). An tntigen- 
nonspecific imraung activBtiM may have htx*. jpAicad hy v^rr^atjffl 
wim VRPi mataftciedmo growth of <3 tumor cell. iFN-rwai one 
fnapoot becavflc fn vXtre culture* of C3 mmor cells grown lb the 
rmence or too quiu/ml IPN-y exhibited deettated prohfbiiikm 
(dim not ihownX and IFN-y » * pnmunent cytokhte produced after 
AV infection (35). To determine the CC^tributJoni of IFN-f to both 
ttfiB7-epccific and VWPnionsr^cific aftn'tttrncr effecto, IPN-y knock- 
out mice were vaccinated as described in Fig. 3, The eUftertnccs m 
tcmor growth between najve and CFP-VRP-viccinatcd mice were 
aheliUied in IFN-y knockour mice, whoreu mo outoomt of the 
B7-VRP vaccination uu'Ciaily nmamed wh^fftemfd (Fig, 5), 

Memory Indaetnai by K7-VRP Vncdtuttim. A very Importani 
part of thfc mjactioji of specific imimmtty is the fcnjtfka of a 
nteroory rtiponse. To determine whether memory we* forfoccd by 
B7-VRP Vaccin^on, grovpj of eigii mice wese veccinatcd end 
boosted with E7.VW, GKP-VRP, or PBS* Three month! after the 
boojwr dose, all of the mice received a CI tumor challenge *nd were 
ommrored for tumor development (Fig. 6). AD of the mice 
with GFP-VRP ae4 PBS developed progrestrvely growing tumon, 
whereas all of the B7-VRp.v*££ia4aul mice were still protected after 
3 iDOnihs. This indicatee that two vaccinatioaG with B7-VRP mduces 
long-tenn memory rcspojisea that can pnmtt tumor outgrowth. 
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to HFYKSMrfvwJ JWD^rantaM CTLpopide 
Aa Jdaaavh* typs M<fftvtd H-2D»-ratrietad CTX mtfdt MVid u Lbx**OTJ 
CWtwi. Well* in *hich ihc ttSk ven u pl ft c ed by nWhra wen ted u ■ 



ttniroL Aoq/i wen pafafnoJ m tif ptfcat* sri tbt iciuta «m Catalan* u if*fr 

CKpttimrfti ifiWyra wflignainri wfih both FTTC»libded flCDfl ■ 

* HRpr jfjli 4*1*^/, feraiafitt gffegHippiMwj edU. 
7ml It i EMffrtrnhlTw mnwHrtnimf fiw itA ^inl« np«rimmtt vtA UnuhfiMiHf 
£ ipkaaywi tan £7. wwvp^iwtpd CS73U6 mice war pooled rad fM&uilMed fer 

5 dye m*h tnfatfnrfn C-BMtti B7-MVA4*Ak»« MC57Q aal*. Gytgftttfefa' Wil 
IDGflimd by Eu 3 * nblltlltty do MC57G cdb binaifhr iifaicd wiA B7-MVA 
at EV^od EL-« ^ imot odli. OT^MnftcxdMCJTOMkfadui^M 

EL-4 toy* covod M BCgjUvD CQBtZOU. 



ttwlti of due experiment and * second (dim net shown), U of 16 
mine, or 67% endinred csabliihed C3 turaon and remained tnmnr 
fa* for a 6Way obsarvittoii period. 

DISCUSSION 

Mote man 9W oreervic*l onoers tataM#-riakHPVDNA(4) 
and express £5 and E7 oncogenes necessary for die malignant phe- 
nocype p-10). The requirement fix autfahud U tod E7 expiesaioii 
by tumor cell* implies that tumor eradication may bo poaUo by 
eliciting «tnng CTL raponsu agamst thaw viral antigenic The ftim of 
6c anient atndy wu to evaluate tbo efficacy of a VE£ 

npHeon vector that has proven highly affective in several vita! enal- 
knge models (25-29) and may bo well anted ts an HPV aetapentic 
vaccine. Became * HPV16 £7* tumor model has been crtubfahrd 
and in ittmuaodonuDont D b B?^^ CTL epitope hai been identified 
(12), it wu possible io characterize both the immnnftt rt£ i™i and 
antitumor responses after vattfcution whfe to &7-VFJP. 
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Aftw? wiiki, tQOHa 1 doua wot ifvea. udl wmIci bur, ifenfe* «tiiMlw«vJby 
» M. tyttfot Of i X 10» CS amor orilL Hilva aim **■ 1TK)*M K> neatoff Be 
panMapaffveKiikfL^rfrftaii^ 

d»j 14, iqd iD of te sw nmhlDd ftnur J; OA mom canter onoalhe 

ttncc gnnv* w«t ftolflctai^f dHfecwiL These Itaultv xpnsatf one ef Am miiv* 
aparimna wi6 itmllar mute, 



Endleatton ol Eiublblnd tnmort afler E7-VRF Trtfttoteak 
A menpeutie itudy waa pwfitfmsd to test the ability of E7-VR? to 
beat existing rumore, a more oppiopfiate meaiure fbr an antitumor 
vECttncGiw^pa of alghtmlce received 5 X J 0*C3 tumor colls. Alter 
7 day a, when all of the mice l»a4 palpable tumor manes, treatment 
win B7-VRP t OFP-VRP, or PBS was Infrared and tepetaed. on days 
14 md 21. A pl^mid DNA construn ^pressing a ubiquitln-£7 
mlnlB«ne fusion protein (S+AJb) mat previously denonfitrtted 
apeutxe efficacy (23) was used as a positive control* Fig. 1A leveoU 
that six of eight mice receiving rejected choir tumors. The 

endwrtion of tumors was lefloeted m the mean tumor sizk of ma 0^100 
(Fig. In contrail, rjiaiom oontiirocd to grow in 100% of the mioc 
receiving GFP-VRF and PBS, although mere were differences in 
tumor-growm kinetics berweca these two groupa. Gomhinuig the 




FIB. 4. Wud^ypt Cmu*, CW, awl CC* fandnac dMBi^ Aiu c> - Wgroup) 
win\ittiBfti*d with ^V]ViiidchflIl4s^^Qu^^0 4cKxiM>i[la;3. 

imgRisivc^aTimglsBBamoriMMnra 100H ofthc mice. T^W wIU^*udCD4 
kKdtpn C57BU6 mat wqt aJf proteftd ipbul QlttM eaaUmcsKfterwsi^M 

viihB7-VW. 
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Fig. S. Tfc* mU tit Ifn-t m ftc tumor pnastton ad tana? growik \mcOx* efiir 
VHcbxtioawLih E7«VW rod GFP-VRP yu aaidicd in JFN-ytaoctWrt mk*. V^ed*. 
fen ud amor ctaluagbi M ewriM Pi* 3. All of thclFK-v 

tattluui fflkt vaedmkd wift OF^VBF ad ill of the uKi) miu fevriqwd i tangr. 

gn^wth Imcta of Ah Ufflon la iheu mm poop limilv. AH of AelFN-r 
knockout mloi vudatud wMi bwtu* qwnd tumor to. 
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PlS- Tarw mi rf 4 Cf7BL« mice were vioctund wfca B7.VW r 0FP-VRP w 
res Corfu] u dea&rtad b Fl*. 1 Tfaa mke *tn ten utfouctal for tfro nvstai u 
wbididmft«llttkAw««dk»am|fdM. Willi 3 X 10*03 nutttedbn JQQ pi pTFBS» 
TfaBiBialivt**ti»pfT|rogpif depicted ob the yudt AU ftf lie nrfvf *i4G!PP"YKP- 

nmuafcd mice devitoptd i pmemsiYtlr awns tome* nd ill of 66 &VE|v 
vKcbttid mkt iwmJned iwtur fre?. 



long-lived memory CDS* T cells with or without contribution* by 
T cells. Nonetheless, for optimal efficacy tn bumacs with 
diverse HLA aUclce, u HP V vaccine should consist oft snffirteoiry 
potent vehicle for delivering appropriate viral epitope* m a ccttod 
nighty conducive lor eliciting memory cells fiora both CD4- anil 
CD8-T*xU subset* 

A sewnd important indicator of B7-VRP vaccine efficacy w&$ the 
ability to control m «aiabiiKhw1 mmor load. B7-VRP vaccination 7 
days after C3 tumor Challenge caused tumor if greulon agamst mi* 
lapidry growing tumor in 67% of mice after tfhree weekly injections 
(Fig. 7). The eiaincatiaii of nunors that were i-ttthlighrd in all of the 
mice before day 10 is lOccry dependent on a rapid CIL mduetion and 
mobilization to me pioajeasrvejy growing tumor ud may be former 
improved by mcfourag VRP dosage or routes of admrniantioii. 
Other B7-specifle vaccines e^lartrngthis level of menpeude efficacy 
required meditation of E7 by faing it to a heat-chock protein (19), 
by altering fta m&acelluhir traffictin^ (21, 22) or facilitating ha 
degradation (23). Routing E7 throngh the ccdoplramic reticoJwn to a 
class II loading companmeni by incorporating a LAMF-1 sequence 
hat been shown to be intporfcmtforbom vaccinia vim*- andplaamid 
DNA-veetorod vaccines against B7+ 7C-1 tumor cdb (21, 22). A 
plmuid DNA mar encode* F7imnlgenn rarnJred tmiquithiaUon and 
administration by gene gun to observe a high riietapeunc efficacy 
against C3 trnnor challenge (23). B7 mom'rasiHnri was unnecessary In 
the E7*VRP vaccine; however, as already noted, there may be strat- 
egies to improve E7-VRP therapeutic efficacy by mtzn- or tntereeDu- 
Tar targeting $1-23) or coadministration with VRPs that contain 
cytokines or costimuletory moleeales* 

Other AV vecttre derived troni SFV and Sindbis virus have ahown 
effleaey t$ tumor vBocinas in format* itteloding replkm particka 
(3B), naked UNA (39), and placmid DNA encoding i viral repikase 
(40). Ihenpeatlc eiYieaoy has been observed against day-2-cstab- 
lished CT26 T CL25 tumon expressm^ the lac Zgcnc when alphaviral 



Vaccination of C57fit/6 mice mice with 3 X JO 1 mfeciiou^ units 
of E7-VEP elicited MHC class I-rcstricted CDS* T-CCll reapmues 
a£aitwt an H-ZDP Zl^^i peptide (Fig. I), Approximatety 6% of 
freahry isolated CDB + spienocytea engaged on B? 4M1 f& soluble 
tetramcr (Tig. 1B\ bdicating that a vigorous £7^^ ands^apceific 
T-ccil expansion occmred 2 weeks after B7-VHP vacenntnm was 
mtanirahle vi*ont fn vitro restiuulariQii. A proportion of B7 49 ^ r 
«peeifie T cells kilted E7 + target cells (Fig. 2C)> which cJearly 
revealed mat cytolytic CDS* T cells were induced e* a result of 
B7-VHP TsrekflEioiL Mice mcinated by E7-VRP were completely 
protected again* a lethal C3 rumor challenge (Fig. 3). This azm' tumor 
response proved ro be strictly CD^T-^U-dapettde^ aAd T-ocl! 
mdepezideni (Fig. 4). CoUceavcry, the data presemed here danoo- 
strate That E7-YRP vaccimtioJl mdueed robust CD8 + T cells, which 
were the effectors responsible for sati tumor immunity. 

Optimal priming of CDS CT\ activity usually requires CD4 help 
and is CD40 dependent (36), however examples ocist of CD4-inde- 
pendent antiviral responses and andtumor fcqponscs. including re- 
sponses to previous E7 tenor vaccines (19 T 2a 23). Similarly, CD4+ 
T cells worn cot required daring ihe priming end initial eflecior phase 
(r~ig. 4). Nevermelcsa, a role for helper T cell* Has been indleared for 
the rejection of established tomors and induction of protective mem- 
ory responses (37). Long-lartnjg T-cell memory was manifest as 
complete pxotecrion from C3 tumor challenge initiated 3 months after 
the final E7-VRP vaccination {Fig. tf). In separate inmiunogeniaity 
studies, E7-fipecirie cytotoxlilry wat readily oWmstrable 3 months 
after B7-VR? boosting (dam not shown)* It is currently \mknown 
whether any inherent properties of AV vectors fevor the elicitatwn of 
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UAlu ofC7-w or GFP-VXP or with 6fS+/Ub DNA (23) me* npaml oa etyi 14 
and 2LA. alt of Ome mh» cakm md the nlM wdaiied Whh OTF.VR7 tfe^lffpal i 
twnx. Six of dgta mle# vuelwtcdwfith B7-VRF ( M Qnll h Rim vrtbc ■«« dutticodved 
inc DNA vu&m, ieniln«d wttM Am. B t d» mdta Dmu tftes aTOie tra«« mflsz a« 
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feplkMi RNA (39) or pDNA (40) woe injected <tf low doses. These 
studies attributed antitumor efficacy to qualitative rather than quanti- 
tative properties of Ac A V ycctor, most notably the induction of 
apoptosis (39 f 40). Gene gun Yacdnation with E7-VEE xeplicon RNA 
protected 6 05%) of 8 out* against C3 tumor challenge (did not 
shown), which mealed that E7-VEE tepliooft RNA, Hce other AV 
RNA-bascd tumor vaccines, chcits protection against tumor challenge 
that is not directly dependent on packaged repUcpa particles- Al- 
though E7-VBB KNA iiwntmizatloa was not as protective as vrp 
(Fig. 3), additional sniffles are required to define the optimal delivery 
method for VEE RNA. Although VEE replicant have not been tested 
ofinioftUy, the use of packaged rcplicans to deliver ftNA should be 
highly efficacious because they mimic a namxa] infection pathway. 
During tfao preparation of this report, results wen published (41) 
assessing SFV npllcons encoding bcrch das E$ and £7 genes packaged 
m a manner analogous to the one described here. Using the TC-1 
tumor model, Daemon et al observed 40% tumor protection after 
adinnu'stering 5 X 10* mreououa units of E6 and E7 containing SFV 
repneons three time*. The noubJe vector and insert differences be- 
tween this And the present studies include any relevant tropism dif- 
ferences thai may exist between SFV versus VEE and the use of 
E6-E7 inserts (41). In which E7 translation by leaky scanning from an 
ATO of £6 may not be as optimal as the single E7 insen used heroin, 
SFV vaccination Appeared to prime E7^ecrJ5c effector cells, al- 
though the CTL re stimulations were considerably longer (1 1-1 g days) 
and Included inrerteulrin-2 (41); these wcro fir greater tn vitro re- 
stimulation conditions than what was required to oiftasiMQ CTL» After 
B7-VRP vaccination (Fig. 2Q. Seme unknown differences may exist 
between the tumors used, although TC-i does not appear to be an 
inferior CTL target compart 

oi \4pv than C3 by an end«E7-epeoitlc T-oell done, whkh may relate 
to its higher E7 expression levels, 3 Direct comparisons Of E7-VRP in 
both models may clarify these discrepancies; 

Several tumor ohsllenge experiments (Fig. 3B and IE) radicated 
activation of an immune response by QFF-VRPa, because tumor sizes, 
after GFP-VRP administration, were found significantly smaller than 
in muVe mice. Viral infections and double^Bmnded RNA me known 
to induce JFrWfl Tespoflces, whkh induce tho production of IFN-y 
by T cells aadnaratal killer celts, Our experiments In iFN-y knockout 
mice indicate that IFN-y is mvorved in the tumor growth delay of C3 
cells in mice. The BLISPOT and Enteamer anar/set* however, do not 
reveal an increased CTL induction against E7, which mdicaxes that the 
IFK-7 is cot produced by B7-specifIc CTL*. Activation of helper T 
ceils and NK cells by viral particles is a plausible explanation for 
1™-y pipcwfon, but these ceils ore net detected by the Assays 
incndoAed above. The rumor growth inhibition might be a direct effect 
of IFN-y on the C3 cells, which we have previously observed in vitro. 
Vaccination with B7-VRP in IFN-yknociWDt mice did not affect the 
mmor protection. Thr$ indicates that the cytotysis of C3 cells tn vivo 
is IFN-7 independent and most likely induced by perforin release of 

The safety concern! for thd clinical advancement of VEE rcpBcou- 
based vaccines expressing HPV genes cpo be addressed through a 
number of p*ecaiuio*ia, Severn! safety features ore Inherent fn tfao VEE 
vector iraeM*. including its derivation from en attenuated vaccine stram 
(32) and the split helper packaging ayntcm, whkh minimizes the 
likelihood tf replication-competent recombinant viruses (25). Preclrn- 
loa] primon 5 todies to daze portray very favorable safety profiles with 
no kdkarions of VRP-rclarcd toxicides, even when doses of 5 X io* 
were odminiitsrcd Lv, (26, 28). The data presented herein support die 



continued investigation of the safest *nd most efficacious strategies 
far bringing these RNA vaccines to the clink as therapeutics agsizurt 
cervical carcinoma and ON. 
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